Résumé. - 
Introduction.
When aircraft fly through clouds they generally charge up negatively because of the triboelectric or frictional charging occurring as water or ice particles collide with the material on the surface of the aircraft. Field measurements have been made of the charging currents to aircraft in various meteorological conditions, and using this knowledge effort has been directed towards finding efficient methods of discharging. the aircraft. In this paper we There have been several studies of currents to aircraft during flights through clouds. Tanner [1] has reported current densities for aircraft to for snow. Boulay and Laroche [2] measured the current to probes covered with conducting paint on a Meteor aircraft flying at 200 m s-1, and confirmed these values. They estimated that the overall capturing area of the aircraft was about 8 m2 and calculated the maximum charging current to be 3 mA, which compared well with the highest discharge current recorded of over 2 mA. On only one occasion, in liquid precipitation near the ground, did they record positive current. In an investigation which extended to higher speeds, Nanevicz [3] also measured current in the range 100-200 03BCA m-2, but, in addition, observed the ice crystal concentration. At mach 1.2 he estimated that each ice crystal collision transferred about 50 pC, the value was slightly higher at 200 m s-1, but at mach 1.9 the charge per interaction was reduced by about 50 %.
We have previously described [4] laboratory experiments in which individual ice particles typically of size 100 J-tm were accelerated to speeds between 10 and 80 m s-1 1 and the charge transfer measured as each particle collided with various metal targets at -10 °C. The charges transferred in successive apparently identical collisions followed a log-normal distribution with a wide scatter, so at least 50 interactions were analysed to form a meaningful average. Three principle conclusions were drawn from this study :
(a) The average charge transfer per collision was proportional to the velocity of impact for a given target material and a constant ice particle size. As shown in figure 1 this relationship extended to at least 80 m s-1.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/rphysap:019860021012080300 (b) The charge depended upon the square of the size of the ice particle for a given target and impact velocity (see Fig. 2 ). (c) When different targets were used, but the particle size and impact velocity were kept constant, the primary influence on the magnitude and sign of the charging appeared to be the work function of the metal target. Figure 3 from Caranti, Illingworth and Marsh [5] shows this work function dependence for 100 itm ice particles impacting upon targets at 10 m s-1. Most common metals charged negatively, a notable exception being magnesium which has a low work function and acquired positive charge. [8] . Figure 5 shows a simple unambiguous waveform. The first pulse is the passage of the ice particle through the induction ring with its initial label charge, q;, which is + 8 fC in this case. Twelve milliseconds later the particle travelling at 10 m s-1 collides with the target initially inducing the label charge qi on the target, and then on actual contact transfers qt (-24 fC in this example) to the target. The subsequent slow (100 ms) exponential decay clearly identified this as a net charge transfer rather than the more rapidly varying charges induced on the target by the movement of charged particles in the proximity.
The label charge on the ice particle might be considered to be an unnecessary complication, however, its presence was most important :
(a) The size measurement of the particle relies on detecting the passage time between two induction rings. Because the charge transfer on collision is known to vary as the particle size squared, an unknown variation in the size of the particle could easily obscure a systematic difference in the charging properties of two different targets.
(b) Only charge transfers preceded by a label of the correct size were accepted as valid interactions.
Occasional extraneous events were observed which interrupted the regular series of waveforms resulting from the succession of 100 03BCm particles carrying the same initial charge arriving at a rate of one per second. These were especially common at the beginning of a run when the introduction of moist air into the apparatus lead to the temporary production of a dense cloud of small ice crystals in the freezing section which would subsequently sediment out and on occasion impact upon the target. Although the charge transfers from such interactions were excluded from the analysis because of the absence of the correct label charge, it was reassuring to note that the sign of the charge transfers resulting from the collisions with vapour grown crystals was in agreement with the sign for the frozen droplets, indicating that the charging properties of the particles used do reflect those of natural crystals.
An extensive series of experiments (Caranti and Illingworth [8] ) has established that the presence of electric charge on the particle before collision does not affect the value of the charge transferred and so the term « label » is appropriate. Presumably in the short contact time available the initial charge on the ice particle is not able to migrate along the surface of the ice to the area of contact of the ice and metal where it could affect the charge transfer. The interaction with a particular target always resulted in a predominant polarity of charge transfer, and so the opposite sign of label was chosen as in figure 5 . If the signs were the same then an ambiguous waveform similar to the one displayed in figure 6 could result.
In this case because both q;, and q, are + 5 fC the particle has either hit the target, and stuck to the target -« a collection » ; or it has hit the target, transferred charge to it and left carrying no net charge.
Occasionally waveforms of the shape in figure 7 were observed. In this case after the collision the ice 
